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Ⅰ. Executive Summary  
The purpose of this study is to measure the efficiency of local waterworks according to 
operation types and to derive the factors influencing the efficiency of local waterworks. For 
the empirical analysis, panel data on waterworks for 10 years from 2006 to 2015 is used for 
128 local governments.   
As a result of analysis, efficiency analysis by DEA method in 2015 reveals that 26 local 
governments are efficient. All efficiency indexes of the contracting-out regions are higher than that 
those of regions operated by local governments, and the difference of efficient indexes according to 
operation type is statistically significant. Second, the result of dynamic analysis by DEA/Window 
method also shows a higher efficiency index for trustees during10 years. Last, the research confirms 
the influence factors such as operation type, population density, pipe length and so on which affect the 
efficiency of local waterworks by fixed effect model.  
Operation type has a positive relationship with efficiency index. It shows that contracting-out 
areas are more efficient than direct operation by local governments, which is robust results in various 
models. Pipe length and population density are both positively related to the efficiency index of local 
waterworks which means the economy of scale affects the efficiency index of local waterworks. 
Revenue rate of contracting-out regions is higher than that directly operated by local governments and 
rate of realization cost is also positive related with revenue rate. In the case of the total unit cost, 
Operation type does not have robustness, and the rate of realization cost, percentage of water produced 
by local governments and the population density show a significantly negative relationship. Therefore, 
to reduce the total unit cost, local governments should try to increase rate of realization cost and 
population density. 
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Ⅱ. Introduction  
Waterworks business is the representative local public service in Korea, and 161 local 
governments currently provide water supply services. However, the local waterworks business 
in Korea is suffering from the inefficiency due to low revenue rate, overlapping investments 
according to division in a simple administrative district and low rate of realization cost which 
means the rate of average sale price per 1 ton to total unit cost. According to the waterworks 
statistics of 2015, the amount of water supplied is about 6.3 billion tons, of which about 680 
million tons of water is estimated to have disappeared into the ground. The rate of realization 
cost is only about 77.5% on average in Korea. 57 local governments are operating at a rate of 
less than 50%, which is 35% of the total local governments (Ministry of Environment, 2017). 
51 local governments had the deficit with waterworks business for the fifth consecutive year 
in 2016 (Ministry of the Interior and Safety, 2017). As a result, the efficiency of local 
waterworks has become an important issue. 
In order to overcome the problem caused by the inefficient operation of local water 
supply business, some municipalities introduced contracting-out by specialized public 
enterprises to increase the efficiency of the water service. Starting in Nonsan in 2004, so far 23 
local governments contracted local waterworks out to K-water or Korea Environment 
Corporation. However, there is controversy as to whether the efficiency of local waterworks 
business has improved due to contracting-out and the use of multi-regional waterworks. 
Therefore, it is very important to analyze whether the inefficiency of local waterworks business 
is overcome by contracting-out and change of operation form. 
The purpose of this study is to measure the efficiency of local waterworks according 
to operation types, to derive the factors influencing the efficiency of local waterworks and to 
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present some policies for improving the efficiency of local waterworks. For the empirical 
analysis, panel data on waterworks for 10 years from 2006 to 2015 is used for 128 local 
governments.  
Following Chapter 1 Introduction, Chapter 2 covers the overall situation of local water 
business and literature review. and Chapter3 contains the methodology of the research. The 
analysis of the efficiency of local waterworks in Chapter 4 and determinants affecting the 
efficiency in Chapter 5 are covered. Lastly, Chapter 6 focuses on proposals and further direction 
for local waterworks policies to overcome the inefficiency. 
 
Ⅲ. Literature Review  
1. Status of local waterworks 
In 2018, 161 local governments are operating individual local waterworks. Of these, 135 
local governments are in operation directly and 26 of them have changed into contracting-out 
since 2004. The reason why the increase in the number of private trust agency is due to the 
revision of the water supply and waterworks installation act in 2006. The local government has 
expanded the operation of specialized institutions such as Korea Water Resources Corporation 
(K-water), Korea Environment Corporation (KECO) in order to efficiently operate and manage 
the waterworks business on the basis of the article 23 of the water supply and waterworks 
installation act as shown in Appendix1. According to the waterworks statistics of 2015 in 
Appendix2, the overall water supply rate in Korea is 96.5%. The rate of realization cost is close 
to the total unit cost of 77.5%. However, this is also attributed to the number of metropolitan 
areas with high population density including 89.6% in Seoul, 102.5% in Incheon and 84.6% in 
Gyeonggi. Even in Gangwon (56.3%) and Gyeongbuk (59.2%), the rate of realization cost is 
below 60%, which can be a serious burden on the future sustainability of local waterworks. 
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The total revenue rate in 2015 is 84.3%, which is 90% higher in most metropolitan city and 
metropolitan areas, including 95.1% in Seoul, 91.7% in Busan and 89.1% in Gyeonggi. On the 
other hand, 44.5% of Jeju, 68.5% of Jeonnam (=Jeonbuk), 69% of Gyeongbuk and 70.5% of 
Gangwon show low revenue rates of around 70%. The low revenue rate means losses that 
cannot be recovered by charges due to water leakage during the supply process, which increases 
the financial burden of local governments. Therefore, it can be estimated that the inefficiency 
is scattered in the financial and the operational aspect of the waterworks business, and it can 
be predicted that the inefficiency difference is deepen according to the scale of the region.  
2. Literature Review  
Currently, most of local governments are suffering from the inefficient of waterworks 
business due to various problems such as a poor finance and low revenue water rate etc. 
Therefore, in order to overcome the inefficiency of local waterworks, various researches have 
been actively discussed on the efficiency of local waterworks business  
In terms of the methodology, early researches have analyzed the efficiency of the local 
waterworks business by applying Data Envelopment Analysis (DEA) on the cross-sectional 
data (Won 1998; Ko 2001) and there was a comparative analysis of the efficiency of local 
waterworks by operators (Lee 2004; Ko et al. 2008). In recent years, advanced DEA methods 
like Malmquist analysis (Kim 2011) and Window analysis (Ko 2016; Seo et al. 2016) are shown 
since gathering a lot of data from early 2000s. In addition to the analysis on the efficiency of 
local waterworks, studies on affecting factors on the efficiency of local waterworks using the 
panel regression analysis (Park & Kim 2014) or the panel tobit regression analysis (Yu 2014; 
Seo et al. 2016).  
This research focuses on previous studies on the effects of contracting-out on the 
efficiency of local waterworks by using DEA/Window analysis method. There is controversy 
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whether the contracting-out is helpful to improve the efficiency of local waterworks. Therefore, 
studies that analyze the efficiency of local waterworks by operation type have shown 
significant deviations from results.  
Won (2010), Kim (2012) and Ko (2016) showed that the efficiency of contracting-out 
was higher than that of local governments. Won (2010) estimated the efficiency of 48 cities 
through data envelopment analysis based on cross-sectional data of 200, analyzed the 
difference in the efficiency between contracting-out and local governments through T-test and 
examined the factors influencing the efficiency by using logistic regression analysis. As a result, 
the efficiency of contracting-out was higher than that of local governments, and the difference 
in efficiency was attributed to the general administrative expenses. Kim (2012) estimated the 
efficiency of 70 cities using the Stochastic Frontier Analysis (SFA) method, and then compared 
the difference in efficiency between contracting-out and local governments. Subsequently, the 
improvement rate of efficiency of public enterprises was higher than that of local governments. 
In particular, Ko (2016) measured the relative efficiency of the nationwide waterworks from 
2006 to 2012 using Window analysis to examine the efficiency change. Consequently, the 
change in efficiency has been greater after the implementation of contracting-out. This study 
is similar to this research in that it analyzed the efficiency of the nationwide local waterworks. 
However, this study fails to verify whether there is a difference in efficiency between 
contracting-out regions and areas operated by local governments 
On the other hand, research by Lee (2004), Jang & Shin (2009) and You (2014) showed 
that the contracting-out does not have a statistically significant effect on efficiency. Lee (2004) 
conducted DEA using cross-sectional data for 71 cities. As a result, it was found that there was 
no significant effect of contracting-out on efficiency. Jang and Shin (2009) showed that the 
contracting-out did not always lead to reduction of production cost as a result of analyzing the 
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panel data for six years from 2002 to 2007. Yu (2014) estimated the effectiveness of applying 
DEA to 91 local governments using data for three years. In order to verify the efficiency by 
contracting-out, a regression analysis was conducted. Accordingly, it was found that the results 
did not have a statistically significant effect on the efficiency. This study is very similar to my 
research in terms of the research procedure. However, as this study is limited to the analysis 
subject and a short time, it is difficult to generalize the analysis result. 
Therefore, the research analyzes the efficiency by applying the quantitative 
methodology and verify whether there is a difference between the efficiency of contracting-out 
and local governments based on statistics method. In addition, while previous studies used only 
limited data for a single year or short period, this research analyzes the efficiency of the past 
10 years from 2006 to 2015. It is helpful to increase the generalization of analysis results by 
reflecting the change in a long time and verifying the difference between the efficiency of 
regions by contracting out and that of regions by operated by local governments. And the 
research estimates the determinants to affect the efficiency of local waterworks.  
 
Ⅳ. Research Question & Hypothesis  
The research question and hypotheses to analyze the efficiency of local waterworks is as 
follows  
1. Research Question 
What is the determinant that affect the efficiency of local water service?” 
2. Research Hypothesis 
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Operation Type would affect increasing the efficiency, revenue rate and total unit cost 
of local waterworks.   
 
Ⅴ. Method  
1. Research model and method (DEA/Window, Fixed/Random effect)  
1) Research model 
The purpose of this research is to measure the efficiency of both trust agency and local 
government providing the water service and to analyze what factors affect the efficiency. To 
get the purpose. This research consists of two parts: Efficiency measurement, Analysis of 
determinants. In the efficiency measurement part, the research analyzes technical efficiency, 
pure technical efficiency and scale efficiency by CCR and BCC model in DEA method. And 
to check the trend of efficiency, DEA/Window method using input-oriented model are 
performed, which is an analytical method to estimate the rate at which inputs can be reduced 
as much as possible while the level of output is fixed in the Decision-Making Unit (DMU). 
And DEA/Window model is used to analyze the dynamics changes in the efficiency of local 
government using multi-year data. In the analysis of determinants part, the efficiency index 
obtained through the DEA/Window method and important factor evaluating the efficiency such 
as revenue rate and total unit cost are used as dependent variables, and research selects the 
important independent variables for operation type and water production rate by local 
government. To find the determinants affecting the efficiency, the research applies pooled OLS, 
fixed effect and Random effect model with panel data. And the research estimates the optimal 
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model through comparing three model and verifying the results. Finally, the research finds the 
determinants to affect the efficiency in local waterworks with the optimal regression model.  
The research flow chart is as follows 
< Figure1> Research Flowchart 
 
2) Research method for analysis of efficiency 
DEA (Data Envelopment Analysis) methodology was developed by Ferrier, Charnes 
and Cooper in 1957 and is an analytical technique that measures the efficiency by 
nonparametric methods. In the meantime, studies using DEA analysis have been applied to 
public institutions and public service efficiency analysis such as public health centers, public 
hospitals, water and sewage projects (Kim 2011). The DEA methodology is a kind of linear 
programming that is used to evaluate the relative efficiency of DMU organized for the purpose 
of producing multiple outputs using multiple inputs (Ko et al. 2008). Therefore, it can apply to 
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measure the efficiency of nonprofit or government agencies that do not have market prices 
(Kim and Kim 2001:63). The DEA methodology selects reference groups based on similar 
input and output structures and measures the relative efficiency. However, since statistical 
significance tests to verify the validity of the DEA methodology are not discussed, it is 
necessary to be careful in selecting DMU and selecting input and output factors. In addition, 
the researcher should raise a fundamental question as to whether the selected input and output 
valuables can cover the entire administrative agency. In order to utilize the DEA methodology, 
it is necessary to identify clearly the specific function of the institution (Kim 2000).  
The basic DEA model is divided into two major methods depending on assumptions 
about returns to scale. One model developed by of Charnes, Cooper and Rhodes (1978) is to 
assume unchanged return to scale and is called constant return to scale DEA or CCR model. 
Another model developed by Banker, R.D., Charnes, A. & Cooper, W.W. (1984) is to assume 
variable return to scale and is called a variable return to scale DEA or BCC model. And DEA 
model is divided into input-oriented or output-oriented models depending on the purpose. An 
input - oriented model aims at producing a given output using a minimum input, while an output 
- oriented model is designed to maximize outputs with a given input. CCR model measures the 
technical efficiency (TE) under the assumption of constant return to scale (CRS). This means that the 
output changes at a constant rate even with the increase in inputs. On the other hand, the BCC model 
reflects the variable returns to scale (VRS) and measures the pure technical efficiency (PTE) 
obtained from a given production scale. In other words, considering the change of efficiency 
in operation and technology, it means that the rate of increase and decrease in the output varies with 
those in the input.  Alternatively, the Scale Efficiency (SE) is calculated by dividing PTE by TE 
value, which can be correlated with the appropriate scale and efficiency of the scale (Seo et al. 
2016). Among the various models of DEA, technical efficiency is analyzed based on input-
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oriented CCR model. In addition, PTE and SE are also compared together. After measurement, 
it estimates the relative efficiency according to each population, population density, and 
operation types. The results are verified by rank-sum test which is nonparametric difference 
test developed by Wilcoxon Mann-Whitney (Park 2008).  
Second, this research uses the DEA/Window model to analyze the dynamics and 
stability of the efficiency changes by using the data from 2006 to 2015. DEA can measure the 
efficiency of DMU without the need for a separate conversion process between each input and 
output variables with different units of measurement. In addition to provide information on the 
DMU to be benchmarked, DEA is recognized as a useful efficiency measurement model. But 
DEA reveals the limitation that it cannot observe the change in the efficiency of time-series. 
To overcome the shortcomings of DEA, Charnes, Clark, Cooper, and Golany in 1985 proposed 
a DEA-window model to track DMU's time-series efficiency changes. The DEA/Window 
method is based on the DEA model. But it can confirm trends and stability. And it has the 
advantage to analyze the efficiency at various points such as time-series periods (Mun 2009: 
67). DEW/Window method divides the time series data into specific sections by window and analyzes 
data by considering DMU in window as the same DMU (Seo et al. 2016). For example, after 
collecting data over k periods for n DMU, the width of the window, the number of windows, and 
the number of DMU for each window can be calculated as shown in Appendix3. This Research 
measures technology efficiency using input - oriented CCR model with DEA/Window. 
3) Research method for determinants affecting the efficiency of local waterworks 
  After measuring efficiency, the research uses Panel analysis model to analyze the 
factors affecting efficiency. Panel analysis is one of the regression analysis methods that 
performs time-series and cross -sectional analysis at the same time using panel data. In 
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particular, panel data covered by panel analysis provides multidimensional information. Panel 
data has time-series data information as well as cross-sectional data information, so that 
additional information cannot be obtained from the time-series or cross-sectional analysis alone. 
Panel analysis model settings vary depending on how the heterogeneity effect, i.e., individual 
effect and time effect, is considered among remaining error terms which is not observed and 
explained. Panel analysis model is expressed as regression model as follows. 
<Figure 2> Simple panel regression 
 
The panel analysis model assumes that unobserved heterogeneity effects such as individual 
effect and time effect is probabilistic and considers them as fixed parameters. The former is 
referred to as the random effect model and the latter as the fixed effect model. In the panel 
analysis, the choice of the fixed effect and the random effect model depends on whether there 
is a correlation between the individual effect and the independent variables. In other words, if 
there is a correlation between the individual effect and the independent variables, a fixed effect 
model should be selected. If there is no correlation between the individual effect and the 
independent variables, the random effect model should be selected. Therefore, this research 
analyzes both the fixed effect panel regression model and the random effect panel regression 
model as an analytical tool for the effect of the operation type of local waterworks on the 
efficiency and estimates the better model through the Hausman test, which is a hypothesis test 
for the selection of the fixed effect and the random effect model by analyzing the correlation 
between individual effect and independent variables. The regression model to be analyzed in 
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this study is as follows. 
<Figure 3> Regression Model in the research 
 
 
2. Research Target and Variables 
1) Analysis target and data collection 
 In order to compare the efficiency among local governments and analyze determinants 
affecting the efficiency, this research selects 128 cities with less than 300 thousand people 
based on 2015 and excludes metropolitan cities due to the considerable size, labor and financial 
differences. This research is based on the quantitative study. Since the local waterworks project 
has a large efficient fluctuation depending on the capital investment and contracting-out, it is 
necessary to analyze through the balanced panel data from 2006 to 2015. Data collection period 
is set to 10 years from 2006 to 2015. In order to maintain the objectivity of the analysis data, 
this research uses 'The Statistics of Waterworks' published by the ministry of environment, 'The 
Local Public Enterprise Balance sheet and Management Analysis’ published by the ministry of 
government administration and home affairs and ‘population census’ in Korean statistical 
Information service. The research uses Win4Deap2 (ver2.1) and EMS (ver1.3) to measure the 
efficiency index with this data and the research analyze the regression model by STATA 14.2. 
2) Variables for DEA and regression model 
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Selecting input and output variables to measure and evaluate efficiency using DEA 
method is an important basis of the research. It should not be underestimated that the relative 
efficiency values of Decision-Making Unit (DMU) may vary depending on the variables used 
in the DEA method. Especially, waterworks, which is one of representative public goods, 
should be carefully selected because it depends on how to select and analyze various input and 
output variables. For the relative efficiency analysis, the input and the output variables used in 
the previous studies are as follows. 
< Table 1> Measurement variables used in previous studies (Kim et al. 2015) 
 
In previous studies, indicators for efficiency analysis or performance measurement have 
similar characteristics. For the efficiency analysis, manpower and capital indicators are used as 
input variables and indexes standing for income and performance are used as output variables. 
In the research, input and output variables are selected based on these indicators as follows. 
< Table 2> Variables for measuring the efficiency 
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For the research, input variables consist of the number of employees, construction cost 
maintenance cost and total operating facility assets. The number of employees is a factor for 
determining the efficiency of manpower management. The construction cost refers to the total 
cost for the construction of facilities such as expansion and improvement in the process of 
water production by waterworks. Maintenance cost includes power, labor costs, Water 
Treatment Chemicals, purchase of water, repair and maintenance, and commission. And Total 
operating facility assets is used as capital indicators. The output variables consist of water 
supply rate, population served, total unit cost and revenue rate. The water supply rate and 
population served represent the improvement of services to residents and is representative of 
the public indicators of the waterworks business. In terms of continuity, the total unit cost 
means the upper limit of the price that local governments can collect for the final consumer as 
a charge, measures the rate of realization cost compared to average water price and the total 
unit cost is an index to have characteristics that indicate the financial soundness, adequacy of facility 
investments, and provision of necessary expenses for waterworks business (Ko 2016). And in terms of 
stability, the revenue rate is the most commonly used indicator of water management performance, 
which is the percentage of total water supply that can be charged from the quantity that the water service 
recognized as valid. In other words, the high revenue rate means that the water provider is managing 
the leaks efficiently because it manages the leakage. 
At the analysis of determinants part, this research determines the variables in order to 
examine determinants that affect the efficiency of local waterworks business. The efficiency 
index derived from DEA method, revenue rate and total unit cost as well-known as main 
indicators of performance are used as the dependent variable in order to analyze the effect of 
operation type and water supply method, which are the interest of this research. The 
independent variables are whether the local waterworks are contracting out and whether the 
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local waterworks uses the multi-regional water which is considered to affect the efficiency. 
And other independent variables include pipe length, rate of realization cost, percentage of old 
pipe by annual and population density taking into account the characteristics of the local 
waterworks business. 
< Table 3> Variables of Regression in the research 
 
 
Ⅵ. Result of Efficiency Analysis 
1. Descriptive Statistics (Periods: 2006 - 2015)  
 The descriptive statistics of the input and output variables used in the research from 
2006 to 2015 are as follows in Table4. When it comes to input variables, the mean of number 
of employees are 31, the mean of construction cost is 6,044,420 thousand won, and the mean 
of maintenance cost is 6,014,305 thousand won. The mean of total operating facility assets is 
61,420,895 thousand won. Especially, In the case of construction cost, Jeongseon shows 0 won 
in 2014 and 2015, and maintenance cost shows 0 won in 2012 in Andong. In the case of output 
variables, the mean of total unit cost is 1,377 won, water supply rate is 74%, the revenue rate 
is 66.6% and the Population Served is 76,104 people. The difference between the maximum 
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and minimum values of Total unit cost is more than 10 times, and the revenue rate also shows 
large deviation by regions. 
<Table 4> Descriptive Statistics (2006 to 2015) 
 
2. Comparison of Means according to operation type in 2015 
When looking at the descriptive statistics of 2015, the mean of input and output variables 
except number of employees increases compared to the total mean from 2006 to 2015. This means 
quantitative growth in waterworks. The research verifies whether the difference of each mean 
according to the operation types is significant. Since the size of the sample is less than 30, the 
Shapiro-Wilk test is performed for normality verification. As all variables are statistically 
significant (p <0.05), they do not follow the normal distribution. Then, the difference between 
two groups is tested using the Mann-Whitney U test for non-parametric statistics rather than t-
test.   
<Table 5> Descriptive Statistics and Comparison of Mean difference in 2015 
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Table 5 shows the results of examining the differences between two groups which is 
divided by operation type. The number of employees in local government group is higher than 
that of contracting-out group. In terms of revenue rate, the contracting-out group is higher than 
the local government group. Those two variables have a statistically significant difference. And 
all other variables are not statistically significant. As this result is simple comparison, the 
significance should be further discussed.  
3. Cross-sectional analysis of Efficiency Index in 2015 
 The result of the efficiency analysis in 2015 using the DEA method for 128 local 
waterworks business is shown in Appendix 4-1. This table compares the efficiency indexes 
such as technical efficiency (TE, CCR model), pure technical efficiency (PTE, BCC model) 
and scale efficiency (SE, TE/PTE) with the reference group to determine the relative 
inefficiency. And Appendix4-1 also contains comprehensive results such as reference groups, 
which are used as a basis for measuring the efficiency, and the weight (λ, lambda), which is 
the reflection ratio of the reference groups. The average technical efficiency index of local 
waterworks in 2015 was 0.7204. 26 of 128 regions are efficient, accounting for 20%. In addition, 17 
local waterworks areas with low efficiency index less than 0.5 are 13%. The efficiency index 
is distributed as shown in Table 6. 
<Table 6> Distribution of Technical efficiency in 2015  
 
 
However, even if the efficiency is 1, it is difficult to say that it is a totally efficient region. 
Because the efficiency in DEA analysis means relative efficiency, it can be said that the agency 
is efficient depending on how much it contributes to the reference group. Table 7 lists the 
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regions with the number of reference groups used to evaluate the inefficiency in the local 
waterworks. This means that the more frequently used reference group are, the more efficient 
they are.   
<Table 7> Reference Counts of DMU  
 
Among 26 efficient regions, E6(Gyeryong) is the most efficient, which is the highest reference 
counts at 88 counts. Next, it shows the number of references is higher in order of 
E11(Cheongyang, 55 counts), B5 (Gunpo, 38 counts), B4 (Osan, 31 counts), and G3 (Suncheon, 
31 counts). Of these, 10 regions are contracting-out regions in red color. However, a detailed 
analysis of these areas such as B1, C4, D6, C11, F6, G19, and G21 is needed. 
  When analyzing by DEA models and operation type, the average technical efficiency 
index of the contracting-out regions in CCR model is 0.8735, which is higher than the total 
average (0.7204). In other models, contracting-out regions are estimated to be more efficient 
than regions operated by local governments. The mean difference of efficiency index between 
two groups is verified to be significant. First, the test of normality is performed using the 
Shapiro-Wilk test. As a result, the overall efficiency index does not follow the normal 
distribution because null hypothesis that the population is normally distributed is rejected at 
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the 0.001 significant level. Therefore, the research tests the mean difference between the two 
groups using the Mann-Whitney U test for non-parametric statistics rather than t-test. As result 
of the efficiency comparison between the two groups as shown in Table 8, there is a significant 
difference in all efficiency indexes between the two groups (p<.001). Therefore, it shows that 
the average efficiency is different according to operation type, and the efficiency index of 
contracting-out regions is higher than that of regions operated by local governments. 
<Table 8> Comparison of Efficiency index by Operation type 
 
Table 9 shows the efficiency index of contracting-out regions in 2015. 
<Table 9> Reference Group of the Contracting-out regions 
 
Table 9 shows that 7 regions of B10, C9, D10, H15, H18, I1 and I4 are efficient among 24 
contracting-out cities and 13 regions of B11, C10, E4, E5, E8, F2, G4, G12, G17, G20, H19, 
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I2 and I9 are found to be inefficient. B1, C4, C11, and G21 which is scored by 1 require detailed 
analysis. D10 (Danyang) and H18 (Yecheon) were the most efficient cities in terms of reference 
count number, and H19 (Bonghwa) recorded the lowest level at 0.396. 
4. The efficiency index using DEA method in 2006 to 2015  
 The research analyzed the annual efficiency trends of 129 local water supply 
operators from 2006 to 2015. The 10-year average of technical efficiency was 0.726, the highest 
efficiency index was 0.7592 in 2009, and the lowest was 0.6914 in 2007. 
<Table 10> Efficiency Index by Year using DEA method 
 
The total technological efficiency (TE) for10 years is divided into pure technical efficiency and 
scale efficiency. The average of pure technical efficiency is 0.798 and the scale efficiency is 
0.912. As shown in the figure, the trend of technical efficiency and pure technical efficiency is 
similar. Overall, the scale efficiency is higher than the other efficiencies. 
<Figure 4> Trend of Efficiency Index by Year 
 
The difference in the average efficiency index by operation type every year is tested using the 
Mann-Whitney test like that in 2015. As results, all TE index is statistically significant with a 
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significance level of 0.05. However, PTE was not statistically significant in 2008 (p-value: 
0.1035) and 2007 (p-value: 0.1002). SE was not statistically significant in 2006 (p-value: 
0.3197), 2012 (p-value: 0.0825) and 2013 (p-value: 0.2961). 
5. Time-series analysis using DEA/Window from 2006 to 2015  
 The CCR and BCC model of DEA methods have limitations that they do not measure 
changes in efficiency when time goes by and determine the relative efficiency of DMUs only at 
a single point in time. In other words, DEA has a disadvantage that it cannot consider the 
dynamic trend of efficiency according to the change of environment. To overcome these 
shortcomings, DEA / Window analysis is used to measure time-series efficiency change by 
using moving average. Therefore, DEA window analysis method can provide the overall 
dynamic trend and stability of efficiency. The analysis period in this research is 10 years from 
2006 to 2015, window depth is set to 5 years (w=6, k=10, p=5) and the number of windows is 
6 according to Appendix 3. 
This research shows the average efficiency from 2006 to 2015 using the DEA / Window 
method in table9. Specific results on this are included in Appendix 4-2. Looking at Table 11 as a 
summary, the overall efficiency is 0.567 and increases from 0.452 in 2006 to 0.616 in 2007. However, 
the figures are similar in general except for 2006 and 2007. In addition, the overall result is a 0.159 
decline compared with the average technical efficiency index (0.726) using DEA in Table 8, 
<Table 11> Technical Efficiency index measured by DEA/Window 
 
Looking at the overall distribution of the efficiency index, as shown in Table 10, there are no more 
efficient local waterworks region. 52 local governments with the efficiency index of less than 0.5 are 
found to account for 40 percent of the total, indicating low efficiency. According to each local 
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government, Goryeong with the highest average efficiency for 10 years is 0.999 and the lowest 
efficiency is 0.180 in Yangsan. 
< Table 12> Distribution of Efficiency Index 
 
The research conducts an analysis of mean difference between groups based on the 
operation type and population served obtained by the DEA/Window method from 2006 to 2015. 
The results are shown in Table 13.  
First of all, analysis of the mean difference according to operation type shows that the mean 
efficiency index of contracting-out regions is 0.758 and that of regions operated by local governments 
was 0.540. As a result of testing the mean difference by operation type using Mann-Whitney test, the 
difference is statistically significant (z=-10.154, p=0.000) at a significant level of 0.001. This shows 
that there is the mean difference between two groups, and it means that the water supply business 
is more efficient in local governments to entrust the operation and management affairs of 
waterworks.  it is the same result obtained from the DEA analysis. 
 In addition, analysis of the mean difference of efficiency index by local governments based 
on the water supply population of 100,000 people from 2006 to 2015 are as follows. Local 
governments with population of 100,000 or more have 0.40213, and below 100,000 people was 
0.64847. The results of validating the significance of the mean difference between two groups is 
statistically significant (z=18.206, p=0.000). This shows that the efficiency of small cities is higher 
than that of large cities. This is contrary to the original idea that large cities will have economies of 
scale and be more efficient than small towns. This is probably because Maintenance cost(r=0.7565) 
and total operating facility assets (r=0.7329) have a strong positive correlation with population,  
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compared to other variables. Then when the population increases, two input variables increases 
and the efficiency decreases. or it may be the effect of excluding the metropolis from target 
samples. 
<Table 13> Comparison by Operation type and Population 
 
 
Ⅶ. Result of Panel Data Analysis 
In orders to analyze the determinants affecting the efficiency of local waterworks, this 
research selects the average efficiency index analyzed by DEA/Window method, Revenue rate 
and total unit cost as dependent variables, operation type as independent variables and pipe 
length, population density, and rate of realization cost etc. as control variables. First, the 
descriptive statistics are analyzed. Second, the research is performed by pooled OLS, fixed 
effect model, and random effect model. After doing that, the validity of each model is tested. 
1. Descriptive statistics 
Table 14 shows the descriptive statistics such as the mean and standard deviation of the 
main variables used in this study. The variance inflation factor (VIF), which is the degree to 
which individual independent variables are explained by other independent variables, is smaller 
than the cut-off threshold of 10. Therefore, there seems to be no multicollinearity problem in 
regression analysis. The research uses the population density data except 12 datasets because 
of new city and change of city name. 
<Table 14> Variables for Regression Analysis 
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2. Result of the Pooled OLS 
The pooled OLS is a pooled linear regression without fixed or random effects. It 
assumes a constant intercept and slopes regardless of group and time-periods. In pooled OLS 
method, most coefficients of independent variables are statistically significant when the 
dependent variable is the efficiency index (p<0.001). In terms of operation type, when 
dependent variables are efficiency index and revenue rate, it has a significantly positive relation. 
It can expect that the efficiency index of contracting-out regions is about 23% higher than that 
of regions operated by local governments and revenue rate of contracting-out areas is 6% 
higher than others. When it comes to total unit cost, operation type is statistically insignificant 
in model (5) and (6). In case of model (1), about 25% of the change in the efficiency index is 
explained by the change of independent variables through adj. R-squared. However, this pooled 
OLS method has the most important drawback, which is that we would have to assume that the 
unobserved effect is uncorrelated with independent variables for pooled OLS to produce a 
consistent estimator. In this case, there are some unobserved factor like employees’ skills, 
policy of local governments and so on. As a result of that, signs of the coefficients appeared in 
contrast to those initially expected, specially pipe length and population density which 
represents economies of scale in model (1) and (2).  
Model (2), (4) and (6) are controlled by time effect. These models have a little larger 
R-squared than others. As a result of checking the standardized coefficient, operation type is 
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the factor to have the great influence on efficiency in model (1) and (2). And population density 
has the biggest impact on revenue rate in model (3) and (4). As expected, the rate of realization 
cost is a biggest value of a coefficient in model (5) and (6). 
<Table 15> Pooled OLS with Three Dependent Variables 
 
As a result of Breusch-Pagan / Cook-Weisberg test for heteroskedasticity, Null 
Hypothesis (= Constant variance) is not rejected at a 0.05 significant level in case of model (1) 
and model (2). However, in the case of model (3), Null hypothesis is rejected(chi2=401.70). 
Therefore, this research is carried out the heteroskedasticity-robust inferences.  
3. Result of Panel Regression with Fixed effect and Random effect  
1) Fixed effect model 
The effect of operation types on the efficiency index is analyzed by the fixed effects 
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panel model as shown in Table 14.  First, model (1) is a model to analyze the effect on a 
dependent variable when all independent variables in this study are included. According to 
result of Model (1), operation type is statistically significant at the significance level of 0.001 
(t = 3.63, p = 0.000), which means that operation type affects the efficiency of local waterworks. 
When operation type is contracting-out, it can expect that Efficiency index is 13.6% point 
higher than that of regions operated by local government holding other variables, which is 
consistent with the result of Table 11. If pipe length is increased by 10Km, Efficiency index 
will be increased by 0.22% point. And when population density is increased by 1%, efficiency 
index will be increased by about 0.04% point in model (1). most independent variables except 
the percentage of water produced by local government have statistically significant influence 
on the efficiency index in model (1). 
Pipe length and population density show a significant positive relationship with 
efficiency in all models. This implies that if the population is concentrated in the unit area, 
infrastructure construction in a small area can provide public services to the large number of 
people, thus positively affecting economic efficiency. Rate of realization cost has a significant 
negative correlation with the efficiency index. That is because rate of realization cost has a 
negative relationship with total unit cost to be used by output variable to measure the efficiency 
index. Percentage of old pipe by annual is positively related to the efficiency index at 0.001 
significance level. The increase in percentage of old pipe is likely to result in more efficiency-
enhancing efforts internally to achieve the same output goal and consequently increases 
efficiency. 
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<Table 16> Result of Fixed Effect Model with Efficiency Index 
 
In addition to these analysis results, the research subtracts explanatory variables one by 
one and analyzes the robustness of operating type in estimation of coefficient. As a result, all 
models (1) to (12) show that the coefficient of the operation type is very robust because it is 
statistically significant at 0.01 level of significance. In terms of adj. R-squared, Model (12) to 
be clustered by same province is the best, which is that about 26% of the change in efficiency 
index is explained by the change of independent variables. As standard errors of coefficients in 
model (12) is larger than model (1), t-statistic in model (12) is smaller than model (1). Then 
coefficient of rate of realization cost in model (12) is not statistically significant anymore. In 
addition, all variables retained significance and correlation even from model (1) to (11). It 
means that most variables except the percentage of water produced by local government are 
statistically significant below the 0.05 significance level even for the change of the model. 
When fixed effect model is compared with pooled OLS, the signs of the coefficients of pipe 
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length, percentage of water produced by local government and population density are changed 
and adj R-square is smaller. Time dummy variable is tested by F-test to confirm significance. 
Since the p-value is less than 0.01, it is significant at 0.01 significance level. Therefore, it can 
be interpreted that there is a time characteristic effect of time dummy variable. 
As shown in Table 17, the research analyzes the effect of operation type on the revenue 
rate. In models (1) to (11), Operation type has a statistically significantly positive correlation 
with the revenue rate and means that operation type has robustness about revenue rate. It can 
be expected that the revenue rate of contracting-out regions is 8.47% higher compared to 
regions operated by local governments holding other variables in model (1).  
<Table 17> Result of Fixed Effect Model with Revenue rate 
 
Rate of realization cost have positive relationship with the revenue rate as well. It means that 
when rate of realization cost will be increased by 1% point, the revenue rate will be expected 
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to increase 0.05% point in model (1). However, when applying cluster with same province, all 
coefficients of explanatory variables are not statistically significant due to increasing the 
standard errors in model (12). As a result, in terms of the revenue rate, it would be more 
accurate to compare clusters in the same drainage system rather than clusters in the same 
administrative districts 
In terms of total unit cost in Table 18, operation type has statistically significant effects 
on total unit cost in model (1). However, operation type is not robust through other models. 
Rate of realization cost, percentage of water produced by local government and population 
density has statistically significantly negative relations with total unit cost in model (1) and 
they are robust. It means that if rate of realization cost is increased by 1% point, it can expect 
that total unit cost will be decreased by 21.7 won.  
<Table 18> Result of Fixed Effect Model with Total Unit Cost 
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 If the local government reduces water production by 1%point, total unit cost will be increased 
by 1.76 won. When population density is increased by 1%, total unit cost will be decreased by 
about 0.52 won. this indicates that the economies of scale affect total unit cost.  However, 
when applying the cluster with same province, rate of realization cost is only statistically 
significant value in model (12). In terms of adj. R-squared, Model (12) is that 64% of the 
change in total unit cost is explained by the change of independent variables, which is the best 
in entire models. 
2) Random effect model 
The effect of the operation type on the efficiency index of local waterworks is analyzed 
by the random effects model as shown in Appendix 5. Operation type, pipe length, rate of 
realization cost and percentage of old pipe by annual are statistically significant(p<0.01) in all 
models which means that four variables are robust. Like the fixed effect model, the efficiency 
index of contracting-out regions is higher than that of regions operated by local governments. Most of 
population density is not robust compared to fixed effect model. All variables have the same 
direction compared to fixed model. When a dependent variable is revenue rate as shown in 
Appendix 5, Operation type is statistically significant in all model. That is the same result 
compared to fixed effect model. However, Population density has a strong positive relationship 
to revenue rate significantly compared to fixed effect model. And when a dependent variable 
is total unit cost as shown in Appendix 5, The signs of the coefficients are the same across fixed 
and random effect model, and the same variables are statistically significant in both models.  
4. Analysis of goodness of fit (pooled OLS, Fixed effect/Random effect models) 
In the first step, F-test and Breusch-Pagan test are conducted to determine goodness of 
fit between pooled OLS and panel model. The former is required for selecting between Pooled 
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OLS and fixed effect model, and the latter is necessary for selecting between pooled OLS and 
random effect model. F-test is to check whether the fixed individual characteristic of the error 
term needs to be considered. As result of F-test, null hypothesis is rejected at 0.01 significance 
level. Therefore, the fixed effect model considering the individual characteristics of the panel 
is more appropriate than the pooled OLS. The Breusch-Pagan test results showed that the null 
hypothesis was rejected at the 0.1 significance level because the p-value is less than 0.001. 
Therefore, it is necessary to estimate the random effect model considering the individual 
characteristics of the panel rather than the pooled OLS model. Second, the Hausman test is 
used to select between fixed effect model and random effect model. As a result, the null 
hypothesis is rejected at 0.01 level and the validity of the fixed effect model is supported as 
shown in Table 19. 
< Table 19> Comparison of Model with Efficiency Index 
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Ⅷ. Conclusion  
Water service not only has a direct effect on the welfare level and quality of life, but also 
is a very important factor in the production activities of companies. Therefore, the government 
has limited the waterworks business to the unique area of local government in view of the public 
interest. However, this resulted in a lack of scale and expertise in local water supply, and reduced 
efficiency, failing to secure competitiveness. Therefore, the research examines the relative efficiency of 
local water supply business by using DEA method for 128 local governments with a population of less 
than 300,000 and checks the difference of efficiency between the contracting-out areas and regions 
directly operated by the local governments. DEA/Window method confirms the dynamic trend of 
efficiency and performs the efficiency analysis based on 100,000 people. Based on the results of this 
efficiency analysis, the research analyzes the determinants affecting the efficiency of local waterworks 
using fixed effect model which is best among pooled OLS, fixed effect model and random effect model. 
The results of the empirical analysis are as follows.  
First of all, efficiency analysis in 2015 reveals that 26 local governments are efficient. All 
efficiency indexes of the contracting-out regions are higher than that those of regions operated by local 
governments, and the difference of efficient indexes according to operation type is statistically 
significant. Second, the research also shows a higher efficiency index for trustees by DEA/Window 
method. And small cities with a population of less than 100,000 are more efficient than cities with more 
than 100,000 people. Last, the research confirms the influence factors such as operation type, population 
density, pipe length and so on which affect the efficiency of local waterworks by the fixed effect model. 
Operation type has a positive relationship with efficiency index. It shows that contracting-out areas are 
more efficient than direct operation by local governments, which was robust results in various models. 
This result is same as those of DEA/Window method. Pipe length and population density are both 
positively related to the efficiency index of local waterworks, and the coefficients of them are 
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statistically significant. It means the economy of scale affects efficiency of local waterworks. 
However, percentage of water produced by local governments does not have a statistically significant 
relationship with efficiency index. 
As a result of analyzing the influence of a variables on the revenue rate and total unit cost, which 
are representative of local waterworks efficiency, revenue rate of contracting-out regions is higher than 
that directly operated by local governments and coefficients of it is statistically significant and robust. 
Rate of realization cost is also positive related with revenue rate.  However, the explanatory variables 
like pipe length, rate of realization cost, percentage of old pipe, percentage of water produced by local 
governments and population density are not statistically significant. In the case of the Total unit cost, 
the operation type does not have robustness. And the rate of realization cost, percentage of water 
produced by local governments and the population density show a significantly negative relationship. 
To reduce the total unit cost, local governments try not to import water but to produce water by 
themselves and they try to increase rate of realization cost and population density. 
  In order to analyze the efficiency of local waterworks, clustering was performed by same 
province, but clustering in the simple administrative area did not yield meaningful results. Therefore, it 
is likely that the region should be clustered in the same drainage system for more accurate analysis. 
The implications of the analysis result are as follows. First, it is revealed that the contracting-out 
in local waterworks has contributed greatly to the efficiency improvement of water supply business. 
However, it is difficult to conclude that contracting-out type is efficient because most local governments 
maintain the form of direct business. Nevertheless, it can be said that contracting the local waterworks 
out helps to improve the efficiency through slimming of the organization and scientific operation. 
Second, the contracting-out in local waterworks has positive effect on the revenue rate. The contracting-
out helps improve revenue rate by systematic operation of pipes, proper pipe network replacement, and 
maintenance. Third, it is estimated that the local waterworks business can be economically effective by 
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economy of scale. In other words, if the business scale is expanded, the total unit cost is expected to 
decrease. Therefore, to improve the inefficient operation of small-scale areas, it is necessary to reduce 
costs by expanding the scale of integration with nearby waterworks providers and to apply the 
integrated water management through the vertical integration between local and wide-area 
waterworks. 
However, the research seems to have the following limitations. It is difficult to use 
diverse variables such as the geographical conditions and the specificity of local governments 
in analyzing the efficiency of local waterworks. This research also measures the efficiency by 
using only quantitative variables in data collections such as ‘The Statistics of Waterworks’ and 
‘The Local Public Enterprise Balance sheet and Management Analysis’. However, non - 
quantitative factors such as the customer satisfaction and internal employee job satisfaction 
may also affect the efficiency. In addition, there are limitations to the analytical methodology. 
The result of using DEA and panel regression analysis can be very different depending on the 
variables used. Therefore, in order to increase the validity of variables, it is important to review 
the previous studies more carefully and to select variables that can represent the production 
process of the waterworks business. In the future, it will be necessary to further consider 
whether there are other observable variables that are correlated with independent variables and 
dependent variables, and if so, to include those variables in the model. 
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Ⅹ. Appendix  
 
< Appendix 1> Status of Trustees 
 
 
< Appendix 2> Descriptive Statistics of Regional waterworks 
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< Appendix 3> Equation of DMU 
 
 
< Appendix 4>  Result of efficiency indexes in 2015 
ID DMU 
TE 
(CCR Model) 
PTE 
(BCC Model) 
SE 
(Scale Eff.) 
Benchmarks (TE) 
1 A 0.733  0.780 0.940  5 (0.13) 6 (0.38)  50 (0.27)  63 (0.50)  
2 B1 1.000  1.000 1.000 1
3 B2 0.957  1.000 0.957  5 (0.12)  6 (0.03)  50 (0.62)  55 (0.56)  
4 B3 0.913  0.996 0.917  6 (0.55)  18 (0.03)  50 (0.21)  83 (0.36)  
5 B4 1.000  1.000 1.000 31
6 B5 1.000  1.000 1.000 38
7 B6 0.904  1.000 0.904  5 (0.01)  6 (0.46)  50 (0.35)  55 (0.43)  
8 B7 0.974  1.000 0.974  6 (0.05)  50 (0.50)  73 (0.49)  
9 B8 0.732  0.837 0.875  5 (0.48)  6 (0.24)  50 (0.57)  
10 B9 0.570  0.601 0.949  5 (0.49)  6 (0.16)  50 (0.51)  
11 B10 1.000  1.000 1.000 4
12 B11 0.801  1.000 0.801  5 (0.06)  44 (0.03)  114 (0.55)  117 (0.44)  
13 B12 0.586  0.610 0.961  6 (0.25)  50 (1.34)  
14 B13 0.701  0.707 0.992  50 (1.28)  73 (0.17)  
15 B14 0.355  0.452 0.786  50 (1.01)  55 (0.20)  
16 B15 0.441  0.591 0.746  5 (0.00)  26 (0.00)  42 (0.51)  44 (0.03)  50 (0.87) 
17 B16 0.574  0.763 0.752  6 (0.03)  11 (0.10)  55 (1.10)  73 (0.05)  83 (0.20) 
18 C1 1.000  1.000 1.000 8
19 C2 0.755  0.791 0.956  6 (0.63)  50 (0.43)  
20 C3 0.537  0.814 0.659  5 (0.28)  50 (0.61)  55 (0.16)  63 (0.09)  
21 C4 1.000  1.000 1.000 1
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22 C5 0.764  1.000 0.764  6 (0.16)  18 (0.01)  50 (0.55)  83 (0.52)  
23 C6 0.511  0.629 0.813  50 (1.29)  55 (0.10)  73 (0.04)  
24 C7 0.420  0.518 0.810  42 (0.25)  50 (0.39)  55 (0.68)  73 (0.07)  
25 C8 0.553  0.798 0.693  26 (0.05)  42 (0.84)  50 (0.20)  55 (0.35)  
26 C9 1.000  1.000 1.000 19
27 C10 0.959  1.000 0.959  26 (0.85)  42 (0.53)  
28 C11 1.000  1.000 1.000 0
29 C12 0.411  0.456 0.902 
 11 (0.03)  50 (0.66)  55 (0.31)  73 (0.01)  83 (0.11)  
110 (0.05)  
30 C13 1.000  1.000 1.000 6
31 C14 0.951  1.000 0.951  30 (0.80)  50 (0.11)  55 (0.24)  101 (0.08)  
32 C15 0.378  0.506 0.748  26 (0.02)  42 (0.30)  50 (0.33)  55 (0.65)  
33 C16 0.764  0.964 0.793  26 (0.12)  44 (0.05)  50 (0.41)  55 (0.71)  
34 C17 0.696  0.886 0.785 
 42 (0.16)  50 (0.43)  55 (0.35)  101 (0.17)  119 
(0.11)  
35 D1 0.735  0.744 0.988  6 (0.58)  50 (0.45)  
36 D2 0.710  0.735 0.966  6 (0.11)  18 (0.26)  50 (0.26)  55 (0.05)  83 (0.46) 
37 D3 0.532  0.638 0.834  42 (0.04)  50 (0.19)  55 (0.54)  119 (0.05)  
38 D4 0.576  0.720 0.800  44 (0.08)  50 (0.41)  55 (0.54)  114 (0.15)  
39 D5 0.624  0.889 0.703  50 (0.43)  55 (1.04)  73 (0.03)  
40 D6 1.000  1.000 1.000 1
41 D7 0.518  0.519 0.998 
 5 (0.13)  26 (0.00)  50 (0.46)  107 (0.26)  110 
(0.14)  
42 D8 1.000  1.000 1.000 25
43 D9 0.538  0.538 0.999  6 (0.21)  26 (0.04)  42 (0.18)  50 (0.45)  110 (0.08) 
44 D10 1.000  1.000 1.000 20
45 E1 0.468  0.571 0.820  6 (0.04)  50 (1.49)  73 (0.06)  
46 E2 0.523  0.574 0.911  6 (0.08)  18 (0.01)  50 (0.26)  55 (0.70)  73 (0.14) 
47 E3 0.672  1.000 0.672  6 (0.97)  50 (0.20)  
48 E4 0.826  0.827 0.999  5 (0.35)  44 (0.40)  117 (0.27)  
49 E5 0.923  0.988 0.934 
 44 (0.23)  50 (0.10)  107 (0.11)  114 (0.58)  117 
(0.02)  
50 E6 1.000  1.000 1.000 88
51 E7 0.454  1.000 0.454  5 (0.10)  55 (0.32)  114 (0.74)  
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52 E8 0.915  0.929 0.985 
 2 (0.17)  44 (0.21)  107 (0.25)  110 (0.29)  117 
(0.01)  
53 E9 0.658  0.770 0.855 
 6 (0.10)  50 (0.15)  55 (0.86)  101 (0.08)  110 
(0.02)  
54 E10 0.512  0.515 0.994 
 6 (0.05)  11 (0.00)  50 (0.25)  73 (0.02)  83 (0.12)  
101 (0.51)  
55 E11 1.000  1.000 1.000 55
56 E12 0.593  0.598 0.993 
 5 (0.29)  26 (0.05)  42 (0.09)  44 (0.33)  50 (0.22)  
110 (0.03)  
57 E13 0.762  0.901 0.845  6 (0.10)  55 (1.14)  83 (0.37)  
58 E14 0.569  0.576 0.988  5 (0.09)  26 (0.48)  50 (0.43)  
59 F1 0.430  1.000 0.430  5 (1.19)  63 (0.31)  
60 F2 0.698  0.853 0.818 
 5 (0.30)  42 (0.10)  44 (0.26)  50 (0.09)  107 (0.10)  
114 (0.25)  
61 F3 0.613  0.674 0.908 
 50 (0.37)  55 (0.56)  73 (0.18)  83 (0.15)  119 
(0.01)  
62 F4 0.695  1.000 0.695  6 (0.15)  50 (0.51)  55 (0.68)  73 (0.05)  110 (0.06) 
63 F5 1.000  1.000 1.000 4
64 F6 1.000  1.000 1.000 0
65 F7 0.691  0.884 0.781  26 (0.01)  42 (0.22)  50 (0.22)  55 (0.90)  
66 F8 0.938  0.956 0.981 
 26 (0.09)  42 (0.22)  44 (0.08)  50 (0.36)  110 
(0.21)  
67 F9 0.722  1.000 0.722 
 42 (0.81)  50 (0.09)  101 (0.25)  110 (0.06)  119 
(0.04)  
68 F10 0.652  0.673 0.968  50 (0.23)  55 (0.40)  101 (0.34)  110 (0.06)  
69 F11 0.541  1.000 0.541  5 (0.07)  42 (0.19)  44 (0.05)  50 (0.92)  55 (0.12) 
70 F12 0.596  1.000 0.596  40 (0.00)  50 (0.36)  55 (0.98)  114 (0.22)  
71 G1 0.550  0.696 0.790  5 (0.56)  63 (1.61)  
72 G2 0.652  0.876 0.745  6 (0.83)  50 (0.56)  
73 G3 1.000  1.000 1.000 31
74 G4 0.720  0.738 0.976 
 5 (0.25)  26 (0.12)  44 (0.39)  107 (0.24)  117 
(0.03)  
75 G5 0.748  0.748 1.000  6 (0.15)  18 (0.24)  50 (0.38)  73 (0.01)  83 (0.21) 
76 G6 0.649  0.654 0.991  50 (0.36)  73 (0.04)  101 (0.53)  110 (0.04)  
77 G7 0.582  0.610 0.953  30 (0.06)  50 (0.55)  101 (0.29)  
78 G8 0.782  0.901 0.868  50 (0.09)  55 (0.94)  101 (0.12)  
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79 G9 0.767  0.798 0.961  5 (0.13)  50 (0.11)  55 (1.01)  114 (0.00)  
80 G10 0.806  0.816 0.987  50 (0.06)  73 (0.02)  83 (0.83)  
81 G11 0.653  0.887 0.735  5 (0.02)  26 (0.14)  42 (0.22)  44 (0.01)  50 (1.09) 
82 G12 0.893  0.910 0.981 
 5 (0.01)  42 (0.35)  44 (0.09)  107 (0.46)  110 
(0.10)  114 (0.02)  
83 G13 1.000  1.000 1.000 14
84 G14 0.931  0.966 0.964  73 (0.11)  101 (0.20)  110 (0.54)  
85 G15 0.359  0.376 0.956  5 (0.08)  44 (0.06)  50 (0.46)  55 (0.44)  114 (0.06) 
86 G16 0.707  0.812 0.872  5 (0.10)  26 (0.04)  50 (1.34)  
87 G17 0.806  0.876 0.920  50 (0.07)  55 (0.08)  107 (0.74)  110 (0.03)  
88 G18 0.762  0.879 0.866  42 (0.07)  50 (0.76)  55 (0.33)  73 (0.06)  
89 G19 1.000  1.000 1.000 0
90 G20 0.514  0.721 0.712  5 (0.01)  26 (0.30)  44 (0.05)  50 (0.99)  
91 G21 1.000  1.000 1.000  44 (1.12)  50 (0.16)  55 (0.06)  114 (0.01)  
92 G22 0.429  0.610 0.703  50 (0.44)  55 (1.00)  73 (0.03)  
93 H1 0.529  0.558 0.948  6 (0.73)  50 (0.70)  
94 H2 0.671  0.671 1.000  6 (0.14)  18 (0.09)  50 (0.35)  73 (0.14)  83 (0.29) 
95 H3 0.273  1.000 0.273  5 (0.50)  6 (0.06)  50 (0.75)  
96 H4 0.764  0.764 1.000  6 (0.02)  18 (0.05)  50 (0.57)  55 (0.16)  73 (0.20) 
97 H5 0.418  0.542 0.770  6 (0.07)  50 (1.90)  
98 H6 0.610  0.691 0.882  42 (0.03)  50 (0.18)  55 (0.88)  73 (0.21)  
99 H7 0.468  0.562 0.833  6 (0.06)  18 (0.04)  50 (0.51)  55 (0.62)  73 (0.04) 
100 H8 0.646  0.725 0.891  5 (0.32)  6 (0.62)  50 (0.26)  
101 H9 1.000  1.000 1.000 17
102 H10 0.582  1.000 0.582  26 (0.76)  50 (0.11)  55 (0.87)  
103 H11 0.860  0.883 0.974 
 30 (0.05)  50 (0.18)  55 (0.08)  101 (0.51)  119 
(0.10)  
104 H12 0.529  0.657 0.805 
 30 (0.11)  50 (0.49)  55 (0.24)  101 (0.28)  119 
(0.06)  
105 H13 0.476  1.000 0.476 
 6 (0.01)  50 (0.34)  55 (1.12)  101 (0.07)  110 
(0.00)  
106 H14 0.559  0.622 0.899  5 (0.02)  42 (0.04)  50 (0.44)  55 (0.09)  107 (0.24) 
107 H15 1.000  1.000 1.000 9
108 H16 0.825  1.000 0.825  26 (0.70)  42 (0.16)  44 (0.03)  50 (0.03)  55 (0.39) 
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109 H17 0.603  0.605 0.998  6 (0.18)  50 (0.71)  73 (0.12)  
110 H18 1.000  1.000 1.000 20
111 H19 0.396  0.403 0.982 
 30 (0.21)  50 (0.24)  55 (0.05)  83 (0.07)  101 
(0.04)  119 (0.24)  
112 H20 0.516  0.519 0.995 
 42 (0.36)  50 (0.15)  55 (0.39)  73 (0.04)  110 
(0.14)  
113 H21 0.972  0.976 0.995  30 (0.04)  50 (0.81)  55 (0.12)  
114 I1 1.000  1.000 1.000 12
115 I2 0.788  0.799 0.987 
 5 (0.32)  26 (0.07)  44 (0.05)  107 (0.49)  117 
(0.09)  
116 I3 0.585  0.663 0.882  6 (0.15)  50 (0.96)  55 (0.15)  73 (0.01)  
117 I4 1.000  1.000 1.000 6
118 I5 0.472  1.000 0.472  5 (1.29)  21 (0.01)  114 (0.11)  
119 I6 1.000  1.000 1.000 10
120 I7 0.592  0.708 0.836 
 6 (0.00)  11 (0.05)  50 (0.54)  55 (0.58)  73 (0.08)  
110 (0.02)  
121 I8 0.531  0.807 0.659  6 (0.04)  50 (0.77)  55 (0.45)  73 (0.04)  110 (0.17) 
122 I9 0.724  0.968 0.747  42 (0.04)  50 (0.80)  55 (0.62)  73 (0.01)  
123 I10 0.528  0.543 0.973 
 42 (0.37)  50 (0.34)  55 (0.11)  73 (0.02)  110 
(0.05)  
124 I11 0.517  0.555 0.932 
 50 (0.23)  55 (0.44)  73 (0.03)  101 (0.02)  110 
(0.08)  119 (0.03)  
125 I12 0.943  0.944 0.999  55 (0.65)  83 (0.19)  101 (0.16)  119 (0.00)  
126 I13 0.870  0.977 0.891 
 55 (0.65)  73 (0.02)  83 (0.25)  101 (0.12)  119 
(0.07)  
127 I14 0.490  0.584 0.840  5 (0.01)  26 (0.01)  42 (0.24)  44 (0.09)  50 (0.94) 
128 I15 0.539  1.000 0.539  42 (0.00)  55 (1.49)  114 (0.01)  
 
< Appendix 4-2 >  Efficiency index using DEA/Winodw for 10 years 
ID DMU 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Average
1 A 0.2353 0.31915 0.3494667 0.3197 0.34156 0.33908 0.24735 0.2283667 0.23465 0.2219 0.2837 
2 B1 0.224 0.94985 0.9473 0.93615 0.9178 0.91602 0.922825 0.8763 0.8691 0.8553 0.8415 
3 B2 0.381 0.4234 0.4655667 0.456175 0.5669 0.68116 0.926325 0.9225 0.8504 0.7059 0.6379 
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4 B3 0.2464 0.3075 0.3295333 0.234275 0.2924 0.30258 0.2641 0.2746 0.3322 0.2701 0.2854 
5 B4 0.5127 0.4982 0.5864 0.44735 0.46006 0.5218 0.475475 0.5671 0.4952 0.5258 0.5090 
6 B5 0.2288 0.228 0.2705333 0.28635 0.29698 0.28818 0.334025 0.2943667 0.26525 0.2579 0.2750 
7 B6 0.2715 0.2807 0.2930667 0.287775 0.28354 0.33416 0.31965 0.3339667 0.30795 0.3343 0.3047 
8 B7 0.2642 0.2762 0.3690667 0.285675 0.36936 0.34466 0.317525 0.3046333 0.35975 0.3123 0.3203 
9 B8 0.1879 0.2914 0.3326333 0.327825 0.26918 0.32968 0.29275 0.4819667 0.5888 0.5616 0.3664 
10 B9 0.2186 0.3015 0.2996667 0.328125 0.20852 0.2825 0.234875 0.2659333 0.3069 0.3148 0.2761 
11 B10 0.1307 0.2004 0.1913667 0.373625 0.3688 0.3191 0.3078 0.3158 0.336 0.3468 0.2890 
12 B11 0.1236 0.19295 0.2346 0.241375 0.46442 0.47446 0.34555 0.3452667 0.3699 0.5315 0.3324 
13 B12 0.1573 0.3489 0.2214 0.2098 0.20442 0.23136 0.278975 0.3089 0.3266 0.3536 0.2641 
14 B13 0.2474 0.3936 0.2715333 0.444175 0.42426 0.37644 0.410275 0.4189667 0.4033 0.3909 0.3781 
15 B14 0.4154 0.5034 0.3377333 0.37695 0.37724 0.46124 0.355075 0.3612333 0.3024 0.2938 0.3784 
16 B15 0.2512 0.33455 0.3061333 0.305225 0.30718 0.29992 0.320625 0.3184 0.3194 0.308 0.3071 
17 B16 0.3825 0.45435 0.4409667 0.306825 0.3281 0.32432 0.2946 0.3091667 0.35045 0.3435 0.3535 
18 C1 0.1612 0.3818 0.4022 0.38265 0.37324 0.30794 0.299 0.3165667 0.331 0.3362 0.3292 
19 C2 0.1183 0.3131 0.3339 0.29005 0.32528 0.47756 0.4557 0.4031333 0.37025 0.3779 0.3465 
20 C3 0.2811 0.4518 0.4000667 0.3607 0.37486 0.45268 0.413425 0.4082667 0.3955 0.4087 0.3947 
21 C4 0.6563 0.63255 0.6958333 0.558225 0.53552 0.58628 0.615375 0.6587333 0.71735 1 0.6656 
22 C5 0.3642 0.4885 0.5427333 0.434175 0.90988 0.76796 0.872425 0.6875 0.4903 0.4631 0.6021 
23 C6 0.2775 0.53505 0.5466667 0.4199 0.42668 0.43828 0.421075 0.4482333 0.4971 0.4763 0.4487 
24 C7 0.3969 0.3375 0.306 0.296325 0.32306 0.30974 0.33935 0.3422333 0.325 0.2727 0.3249 
25 C8 0.3671 0.4725 0.4950667 0.451775 0.423 0.44722 0.363425 0.3967333 0.4865 0.4714 0.4375 
26 C9 0.7049 0.558 0.5027 0.450125 0.44312 0.53912 0.806175 0.7956 0.828 0.8559 0.6484 
27 C10 0.433 0.5352 0.4628 0.498375 0.41622 0.43068 0.667475 0.7166 0.7405 0.5837 0.5485 
28 C11 0.3911 0.4739 0.4096333 0.5007 0.52516 0.51272 1 0.5871667 1 1 0.6400 
29 C12 0.457 0.455 0.3551333 0.3719 0.37728 0.3663 0.3488 0.5045333 0.38085 0.3214 0.3938 
30 C13 1 1 0.9455667 0.871925 1 0.76552 0.699075 0.7071667 0.65705 0.6264 0.8273 
31 C14 0.5278 0.74065 0.6936 0.67675 0.61722 0.58894 0.5829 0.5589333 0.5403 0.559 0.6086 
32 C15 0.3101 0.33725 0.3595333 0.342625 0.3294 0.34016 0.317875 0.3472667 0.3157 0.3196 0.3320 
33 C16 0.4415 0.4949 0.4974 0.524875 0.59198 0.63346 0.585725 0.6022 0.64055 0.6715 0.5684 
34 C17 0.3453 0.4518 0.6173333 0.53195 0.37632 0.42568 0.4538 0.4948667 0.5253 0.549 0.4771 
35 D1 0.1867 0.4529 0.4114667 0.415075 0.40248 0.3796 0.34355 0.3666 0.394 0.4062 0.3759 
36 D2 0.204 0.38475 0.3292333 0.377875 0.3394 0.33168 0.3346 0.3576 0.3963 0.3707 0.3426 
37 D3 1 1 0.7507333 0.7896 0.5609 0.7254 0.593575 0.5099333 0.502 0.4889 0.6921 
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38 D4 0.5133 0.7606 0.6299667 0.4979 0.65924 0.57662 0.560275 0.6414667 0.6636 0.542 0.6045 
39 D5 0.5981 1 0.5897667 0.62955 0.68614 0.63712 0.57955 0.5711667 0.58655 0.5925 0.6470 
40 D6 0.7402 0.80155 0.777 0.730875 0.7818 0.72026 0.92115 1 0.9187 0.9597 0.8351 
41 D7 0.5114 0.42545 0.4254333 0.42965 0.3945 0.37174 0.490825 0.5188333 0.52785 0.4754 0.4571 
42 D8 0.4281 1 0.7445333 0.6332 0.63808 0.64322 0.55785 0.6504 0.8548 0.8528 0.7003 
43 D9 0.2853 0.3474 0.3288 0.33985 0.37534 0.36878 0.3556 0.3738 0.3877 0.4161 0.3579 
44 D10 0.3623 0.516 0.7947333 0.975125 0.99824 0.9544 1 1 1 1 0.8601 
45 E1 0.2027 0.31415 0.3217 0.317425 0.2907 0.32258 0.305675 0.5396667 0.3657 0.3376 0.3318 
46 E2 0.2276 0.39735 0.5455333 0.440375 0.41168 0.41164 0.407075 0.4379667 0.48415 0.4814 0.4245 
47 E3 0.1309 0.213 0.2059333 0.1915 0.28182 0.26016 0.2837 0.2709667 0.2775 0.2741 0.2390 
48 E4 0.3628 0.5352 0.4346333 0.543775 0.53856 0.593 0.578175 0.7339 0.7677 0.8033 0.5891 
49 E5 0.3674 0.51215 0.5479333 0.53695 0.35966 0.8286 0.7644 0.7494333 0.77305 0.9386 0.6378 
50 E6 1 1 1 0.9628 0.95052 1 1 0.9984 1 1 0.9912 
51 E7 0.2903 0.33985 0.4286 0.31535 0.5325 0.54686 0.75515 0.5446 0.5632 0.5101 0.4827 
52 E8 0.9193 0.89675 0.9927333 0.8526 0.96266 1 0.971025 0.9415667 0.9988 0.9135 0.9449 
53 E9 0.331 0.73165 0.8549667 0.620825 0.59182 0.59946 0.6581 0.5628 0.55995 0.5889 0.6099 
54 E10 0.2491 0.4181 0.4064667 0.382575 0.35422 0.35684 0.40235 0.4519 0.4502 0.4678 0.3940 
55 E11 1 1 0.9624333 0.99775 1 0.97278 1 1 1 1 0.9933 
56 E12 0.3983 0.5856 0.5341 0.483675 0.54014 0.65706 0.60105 0.629 0.6473 0.6136 0.5690 
57 E13 0.4243 0.60915 0.5713 0.5689 0.65572 0.55776 0.68365 0.6538667 0.7437 0.758 0.6226 
58 E14 0.2732 0.3485 0.3712333 0.354525 0.3246 0.37836 0.3832 0.3765333 0.4407 0.4157 0.3667 
59 F1 0.0889 0.3045 0.2601333 0.24715 0.35942 0.35472 0.33195 0.3631 0.3366 0.3307 0.2977 
60 F2 0.4577 0.8434 0.6269 0.560975 1 0.99088 1 1 1 1 0.8480 
61 F3 0.2534 0.5207 0.4902333 0.4837 0.55594 0.53448 0.431325 0.4388 0.49265 0.4988 0.4700 
62 F4 0.2524 0.82605 0.8092667 0.5744 0.6319 0.73334 0.87595 0.6882333 0.73525 0.865 0.6992 
63 F5 0.6618 1 0.8429333 1 0.83298 0.96414 1 1 0.98495 1 0.9287 
64 F6 0.5006 0.6284 0.6499 1 0.68218 0.50136 0.59985 0.55 0.63 0.6501 0.6392 
65 F7 0.6976 0.8819 0.7655 0.877575 0.78928 1 0.894175 0.6922 0.6536 0.53 0.7782 
66 F8 0.733 0.8312 0.7015667 1 0.86474 1 1 0.9313333 0.8397 0.7304 0.8632 
67 F9 0.944 1 0.8274667 0.891975 0.78976 0.99854 0.6099 0.6058 0.5835 0.695 0.7946 
68 F10 0.9615 0.931 0.9969 0.8012 0.57254 0.41914 0.413025 0.4614333 0.5514 0.633 0.6741 
69 F11 0.2673 0.88205 0.7891667 0.672475 0.82304 0.76054 0.747225 0.7116 0.8079 0.7582 0.7219 
70 F12 0.246 0.9382 0.5641 0.54295 0.71478 0.73452 0.624575 0.7033 0.7454 0.8663 0.6680 
71 G1 0.1146 0.32715 0.2837333 0.235625 0.25712 0.34936 0.354925 0.2949 0.2917 0.2812 0.2790 
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72 G2 0.1436 0.24825 0.0941333 0.103875 0.19306 0.1913 0.255375 0.2696333 0.29875 0.2747 0.2073 
73 G3 0.154 0.3122 0.3309 0.316975 0.2487 0.24914 0.26375 0.2708667 0.2613 0.2887 0.2697 
74 G4 0.4602 0.53445 0.5805667 0.51645 0.54572 0.59142 0.6063 0.5169333 0.5865 0.8611 0.5800 
75 G5 0.2165 0.4649 0.5882333 0.409675 0.40116 0.4163 0.362975 0.3776333 0.37435 0.382 0.3994 
76 G6 0.7368 1 1 0.83735 0.66152 0.71316 0.496025 0.5523 0.67715 0.4434 0.7118 
77 G7 0.8197 0.73285 0.7124333 0.71865 0.61034 0.57208 0.62795 0.5982 0.4863 0.4702 0.6349 
78 G8 1 0.9942 1 0.973725 0.93318 0.87828 0.98605 0.8489333 0.84565 0.8619 0.9322 
79 G9 0.428 1 0.9654 0.852325 0.7243 0.80808 0.9662 0.7675 0.9734 0.9727 0.8458 
80 G10 0.6183 0.78895 0.6991333 0.556375 0.57824 0.59548 0.354625 0.4766333 0.4931 0.4823 0.5643 
81 G11 0.3323 0.547 0.7453667 0.7566 0.72084 0.62318 0.68765 0.3776667 0.5297 0.5698 0.5890 
82 G12 1 0.6719 0.9368 0.5732 0.82402 0.74316 1 0.6664 0.6745 0.7395 0.7829 
83 G13 0.7022 0.796 0.7133333 0.765275 0.73788 0.69194 0.669425 0.7550333 0.7446 0.8654 0.7441 
84 G14 0.633 0.83385 0.7561333 0.6106 0.46414 0.52902 0.605475 0.7056667 0.70815 0.6852 0.6531 
85 G15 0.1929 0.6212 0.6017667 0.3472 0.33942 0.39742 0.38535 0.3729333 0.3967 0.4295 0.4084 
86 G16 0.3759 0.6578 0.5460667 0.57435 0.52062 0.53642 0.58155 0.5196333 0.48425 0.4895 0.5286 
87 G17 0.7328 0.84465 0.8514667 1 0.99104 0.96026 1 0.8803667 0.79445 0.8313 0.8886 
88 G18 0.7571 0.79855 0.9958667 0.922 0.90028 1 1 0.9446 0.9125 0.9182 0.9149 
89 G19 1 1 1 0.8982 0.8541 1 1 0.9403333 0.9717 1 0.9664 
90 G20 0.4663 0.744 0.5260333 0.499675 0.54534 0.5203 0.501875 0.4177667 0.4567 0.4632 0.5141 
91 G21 0.3574 0.5679 0.6408333 0.7724 0.88576 1 0.68855 0.9677667 1 0.8572 0.7738 
92 G22 0.2265 0.5976 0.9980667 0.58295 0.51576 0.46484 0.46315 0.4645333 0.51105 0.4147 0.5239 
93 H1 0.0914 0.3233 0.3463 0.2844 0.32412 0.35696 0.36015 0.3299667 0.33605 0.3393 0.3092 
94 H2 0.2081 0.48065 0.4465333 0.324825 0.36526 0.3904 0.3909 0.4156333 0.39905 0.3747 0.3796 
95 H3 0.193 0.69055 0.3603333 0.421675 0.3885 0.25568 1 0.2167333 0.2606 0.2558 0.4043 
96 H4 0.2938 0.63315 0.5690667 0.49855 0.50602 0.57952 0.5294 0.4395667 0.48305 0.5626 0.5095 
97 H5 0.1665 0.37645 0.361 0.326 0.3165 0.33934 0.2728 0.2926667 0.3361 0.3375 0.3125 
98 H6 0.2332 0.638 0.6236 0.547625 0.58216 0.68024 0.616275 0.6473 0.526 0.5409 0.5635 
99 H7 0.2352 0.72375 0.7164333 0.5267 0.5331 0.4852 0.426275 0.4888667 0.4813 0.4585 0.5075 
100 H8 0.1079 0.33855 0.2974333 0.271525 0.26476 0.26494 0.300575 0.2986 0.3653 0.3155 0.2825 
101 H9 0.5717 0.9118 1 1 0.99506 0.989 0.957625 0.9409 0.90995 1 0.9276 
102 H10 0.398 0.5537 0.587 0.516675 0.35684 0.34722 0.47335 0.4755667 0.53625 0.4794 0.4724 
103 H11 0.8569 0.79415 0.8219 0.7232 0.65838 0.68494 0.629925 0.6693 0.65875 0.6633 0.7161 
104 H12 0.5726 0.7607 0.8063667 0.74465 0.74316 0.7014 0.759825 0.4556 0.4381 0.4307 0.6413 
105 H13 0.3822 0.6309 0.9882667 0.730525 0.6335 0.54322 0.719575 0.7662 0.7069 0.6959 0.6797 
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106 H14 0.4941 0.7332 0.6461 0.59565 0.63184 0.68988 0.61145 0.6093 0.6725 0.6177 0.6302 
107 H15 1 1 1 1 0.99884 0.99632 1 1 1 1 0.9995 
108 H16 0.8468 0.8713 1 0.8776 0.9677 1 0.94005 0.7459 0.726 0.5993 0.8575 
109 H17 0.1491 0.34835 0.2993 0.3024 0.43318 0.4135 0.452675 0.3764333 0.3763 0.3884 0.3540 
110 H18 0.8671 1 0.9163333 0.968925 1 0.97118 1 1 0.91885 1 0.9642 
111 H19 0.7745 0.9317 0.8324667 0.79925 0.75062 0.72858 0.479925 0.5190667 0.563 0.3829 0.6762 
112 H20 0.2973 0.4307 0.4432333 0.48415 0.4261 0.40196 0.429225 0.3781 0.3921 0.2914 0.3974 
113 H21 1 1 1 0.933175 1 1 0.9235 0.9127 0.9868 0.9249 0.9681 
114 I1 1 1 0.6082333 0.822975 0.95422 1 1 1 0.97485 1 0.9360 
115 I2 0.4404 0.7106 0.7502333 0.8579 0.77534 0.71318 0.69095 1 0.64405 0.6902 0.7273 
116 I3 0.2189 0.5173 0.6023333 0.54945 0.58084 0.57698 0.56555 0.5295667 0.5442 0.5491 0.5234 
117 I4 0.2284 0.5174 0.5419667 0.52515 0.53644 0.57328 0.540675 0.5239 0.625 0.6329 0.5245 
118 I5 0.1261 0.1677 0.1811333 0.1776 0.17612 0.19884 0.207425 0.2152333 0.18405 0.1678 0.1802 
119 I6 0.7663 0.9375 0.9163 0.93145 0.55084 0.56498 0.48625 0.4963333 0.5226 0.5379 0.6710 
120 I7 0.253 0.4827 0.4470333 0.471325 0.54032 0.60268 0.565025 0.5315 0.5213 0.4403 0.4855 
121 I8 0.3616 0.6217 0.6880667 0.571125 0.66442 0.6523 0.665 0.6367333 0.63355 0.6648 0.6159 
122 I9 0.4587 0.79395 0.6377667 0.583025 0.58176 0.51668 0.57545 0.4973333 0.7687 0.8868 0.6300 
123 I10 0.3683 0.6121 0.5930333 0.472275 0.46982 0.3655 0.3885 0.3729 0.41 0.4688 0.4521 
124 I11 0.7672 0.8781 0.5239 0.5553 0.51094 0.50092 0.4939 0.4627 0.4507 0.4063 0.5550 
125 I12 1 0.9113 0.7417 0.72105 0.72434 0.90356 0.7311 0.8421 0.88095 0.8689 0.8325 
126 I13 0.7451 0.92895 0.9175667 0.6468 0.59228 0.60786 0.516975 0.5358 0.5765 0.5355 0.6603 
127 I14 0.4319 0.69135 0.8018 0.592225 0.56618 0.38574 0.3854 0.3056667 0.3988 0.3678 0.4927 
128 I15 0.6783 0.6341 0.7615667 0.59135 0.5825 0.62336 0.547325 0.6976333 0.6457 0.6261 0.6388 
 
< Appendix 5-1> Random Effect with Efficiency Index 
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< Appendix 5-2>  Random Effect with Revenue Rate 
 
< Appendix 5-3 >   Random Effect with Total Unit Cost 
 
< Appendix 6> Result of Hausman Test 
 
